The workup of low back pain in children often results in overimaging so as not to miss organic back pain. The primary goal of this study was to identify which combination of imaging modalities provides the most sensitive and specific screening protocol for children with low back pain. Medical records from 100 consecutive patients between 2 and 18 years of age presenting with low back pain, without night pain or constitutional symptoms, were evaluated. A hyperextension test combined with a radiograph showed a negative predictive value of 0.81 and sensitivity of 0.90. The addition of a bone scan was highly effective in achieving good negative predictive value and sensitivity. Bone scans had perfect negative predictive value and sensitivity when symptom duration was less than 6 weeks. We identified a set of factors that is highly predictive for distinguishing organic back pain from mechanical back pain. Painless hyperextension combined with negative anteroposterior, lateral, and oblique lumbar radiographs and magnetic resonance images predicts mechanical back pain. For patients with nonneurologic back pain of less than 6 weeks duration, bone scan is the most useful screening test because it is accurate, accessible, inexpensive, and unlikely to require sedation.
Introduction
Numerous studies suggest children with low back pain may have serious spinal disease, including tumors and infections [14] [15] [16] 30] . These studies provided evidence for potentially worrisome sources of low back pain in children and, consequently, provide an argument for the extensive diagnostic workup of pediatric low back pain still commonly practiced today.
However, epidemiologic evidence has indicated pediatric low back pain may be much more prevalent than previously perceived [1, 9, 20, 26] . Among juvenile and adolescent athletes, back pain is common [4] with one study reporting a 79% rate of back pain compared with 38% in age-matched control subjects [28] . Despite the absence of worrisome hallmarks (eg, neurologic or constitutional symptoms), children often undergo extensive, costly, and time-consuming diagnostic workups that ultimately reveal no treatable organic disorder [7, 8, 29] . Such children are said to have mechanical back pain (MBP) [4, 9, 11] .
When a thorough history and physical examination are not sufficient to reliably rule out an organic etiology of Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent was obtained. back pain (OBP), imaging is performed. Although multiple studies have examined the diagnostic accuracy of MRI, single photon emission computed tomography (SPECT), and plain film radiography in diagnosing specific conditions [2, 3, 5, 6, 10, 11, 19, 22-25, 31, 32] , there is no evidence-based consensus regarding which of these tests should be used in evaluating low back pain [6, 22, 32] . Furthermore, no study to our knowledge has developed an approach that can distinguish children who have OBP (likely to require additional followup and treatment) from those with MBP (not likely to require additional followup and treatment). Such guidelines would provide physicians with a useful clinical tool that could streamline the workup of low back pain in children.
The purpose of this study was to analyze the value of information gained from clinical examination and imaging studies (plain radiography, MRI, and SPECT) in reaching a diagnosis in children who present with isolated low back pain. Our tangible goals from this analysis included (1) identification of the imaging modality or combinations of modalities best able to rule out a serious diagnosis (negative predictive value) and least likely to miss a serious diagnosis (sensitivity); (2) development of guidelines based on this identification to streamline evaluation (reduce imaging, cost, time, radiation, and sedation); and (3) contributing to a framework on which an evidence-based approach to evaluating back pain in children can be developed.
Materials and Methods
After obtaining Institutional Review Board approval, we performed a retrospective review of all children who presented (either primarily or as a consultation) to our pediatric orthopaedic surgery clinic with back pain between January 1, 2003, and June 1, 2004. Initial patient screening used computerized billing records and International Classification of Diseases, 9th Revision codes specific for any diagnosis that would identify patients with low back pain ( Fig. 1 vocalized and/or pointed to the low back, or, in cases in which the patient was not able to clearly vocalize the location of the pain, if the patient preferentially rubbed the lower lumbar region. We identified 873 children who presented with back pain during a period of 18 months. We evaluated the total number of bone scans and MRI scans performed at our institution during the same study period (2003) (2004) ). There were 98 bone scans performed, 63 of which (64%) were isolated studies of the spine and 36 (37%) of which were of the lumbar spine. There were 1516 MRI examinations of the spine performed in 1394 patients during the same period. One hundred consecutive patients who met study criteria ( Fig. 1 ) represented our working patient data set. Patients were excluded if they had any known previous diagnosis responsible for their current back pain, scoliosis (greater than 10°coronal plane curvature), neurologic symptoms (numbness, weakness, paresthesias, or leg pain radiating below the knee), night pain, or constitutional symptoms (weight loss, fevers, chills, rigors).
The study population of 100 included 38 boys and 62 girls with a mean age of 13.5 years (SD, 3.3; range, 3-17 years). The average duration of back pain before presentation was 42 weeks (SD, 48; range, 1-260 weeks). For each of the 100 patients, the following historical data were obtained: age at presentation, gender, duration of pain, location of pain (midline, paraspinal), description of pain (constant, intermittent, radiating, buttock), history of preceding traumatic event, smoking history, and sports participation. On physical examination, data collected included tenderness to palpation, pain with hyperextension, pain with forward bending, hamstring tightness, gait abnormalities, and results from straight leg raise testing. Radiologic data included the timing of the imaging study in relation to the duration and onset of symptoms and the study findings. Technical data regarding MRI studies (eg, Tesla strength, sectioning distance) typically were not available and, therefore, not collected or analyzed. Because children often need sedation (ages 0-4 years for SPECT and 0-10 years for MRI at our institution), we also assessed the potential for reduction in sedation procedures. The number of sedation procedures was obtained from each patient's medical record. All clinical and radiographic results were acquired by four observers (JDA, JA, MHZ, SCR). The clinical and radiographic chart review was performed at the same time and thus the observers were not blinded to the results.
Group I (MBP) was defined as back pain without clinical or radiographic evidence (negative radiograph, SPECT, and MRI) of a specific organic etiology. Group II (OBP) was defined by back pain with clinical and radiographic evidence suggesting a specific organic etiology (Fig. 1 ).
The sensitivity (Sens) and negative predictive value (NPV) of chosen factors (history, physical examination, positive imaging as defined previously) were calculated. These factors were analyzed for their use in statistically distinguishing between Group I and Group II by univariate analysis (chi square). No factor from the patient history or physical examination met criteria (p \ 0.10) for inclusion in constructing a multivariate logistic regression model. A statistician performed chi square, Fisher's exact, and Mann Whitney U tests using SAS v9.1 software (Cary, NC) for all analyses shown. Average values with standard deviations (SDs) and ranges are given when appropriate. Statistical significance was set at p \ 0.05. A power analysis was not performed because one of our study goals was to stringently define the differences that would provide clinical use in achieving a diagnosis.
Results
None of the elements of patient demographics, history, or physical examination were different between Groups I and II (Table 1 ) and were not useful as distinguishing factors between the two groups. Fifty-seven children had negative radiographs, SPECT, and MRI and no identified organic diagnosis; they were assigned to Group I, MBP (Fig. 1 ). The diagnoses that led to assignment of patients in Group II, OBP ( Fig. 1 ), were spondylolysis (21% [21 of 100]), spondylolisthesis (6%), herniated nucleus pulposus (4%), and other rare causes (12%, spina bifida occulta, Bertolotti's syndrome, lumbar Scheuermann's, pathologic compression fracture, osteomyelitis, L4 pedicle stress reaction, large Schmorl's node). The examination findings common to both groups included tenderness to palpation of the lower back, hyperextension pain of the lumbar spine, and hamstring tightness ( Table 1) . Evaluation of the use of imaging alone in distinguishing between Groups I and II revealed that all three modalities (radiography, SPECT, MRI) were able to discriminate between the two groups (p \ 0.001). Magnetic resonance imaging was the most useful with an overall NPV (predicting MBP) of 0.79 compared with 0.75 for SPECT and 0.68 for radiographs ( Table 2 ). The overall sensitivity (identification of OBP) of MRI alone in detecting patients with Group II diagnoses was 0.65, which was superior to SPECT (0.56) and radiographs (0.38).
All combinations of anteroposterior, lateral, and oblique plain film radiography (routinely the first imaging obtained in evaluation) with either SPECT or MRI showed the ability to distinguish between Groups I and II (p \ 0.001) ( Table 2) with high NPV and Sens values ( Table 2) . The most useful combination of imaging and physical examination findings was MRI in conjunction with radiography and hyperextension testing, NPV and Sens of 1.0. Combining any imaging modality alone with hyperextension pain or hamstring tightness resulted in lower NPV and Sens values (data not shown).
A stepwise analysis showed a significant association between SPECT use (NPV and Sens) and time less than or equal to 6 weeks (p \ 0.001). A SPECT scan performed within the first 6 weeks of symptom duration (n = 6), regardless of physical examination findings, had a NPV and Sens of 1.0. After 6 weeks, there was a significant dropoff in both values ( Fig. 2A) . To validate this finding in a small population, we rescreened our initial population of 873 for all patients with a SPECT scan. Among 220 such patients, we again found a NPV and Sens of 1.0 (n = 29). In contrast, the use of MRI scans did not show time dependence (p [ 0.05) (Fig. 2B) .
No child who received a bone scan required sedation (zero of 63). In contrast, 685 (49.1%) of the 1394 patients (1516 MRIs) who had MRI at our institution during the same period required sedation.
Discussion
Traditionally, when clinical findings alone cannot sufficiently rule out organic causes of back pain in children, plain film radiography of the lumbar spine (anteroposterior, lateral, and oblique views) is the most common first diagnostic test [12, 14, 16, 22, 23, 27] . With persistent pain and a negative radiograph, however, the clinician then must choose which test may be needed to rule out suspected disorders. Traditionally, a SPECT/bone scan would be the next test of choice [2, 3, 10-12, 19, 22, 24] . With improved techniques, however, MRI has been proffered by numerous 
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Sensitivity NPV authors as a potential first-line test to rule out suspected disorders such as spondylolysis [5, 6, 31, 32] . The objective of the current study was to determine the optimal imaging modality, or combination of imaging modalities, that can rule out a serious diagnosis (NPV) and be least likely to miss a serious diagnosis (Sens). This study has several limitations. First, our study was retrospective and, therefore, is reflective of only our study population. Only a prospective cohort study in which every patient obtains an MRI and SPECT scan can truly abrogate the potentially considerable selection bias in a retrospective diagnostic study. Such a study may not be feasible or ethical. Second, we did not have a true gold standard for diagnosis nor did we have potential for one; MBP is an overall clinical diagnosis and often one of exclusion. Third, our population represents a potentially skewed referral population and may not reflect the average child visiting their local pediatrician. Although this may be true, many of these patients came to us with multiple studies already in hand in which, on retrospective review, one study provided a correct and clear diagnosis. Another potential limitation is that we chose to analyze all ages of children together as a single group, similar to the methods used by Feldman et al., and not substratified according to age [11] . Current research efforts in our group, however, focus on application of our findings and algorithm in the adolescent population, the most common group we encountered. Finally, relying on even the best study does not ensure a diagnosis. Therefore, all guidelines have to be used in context; if the best study fails, then the next appropriate step should be taken based on the clinical situation.
A B
Because there is a high cumulative prevalence of pediatric back pain and close to one-tenth of all pediatric patients with this condition seek medical attention [4, 9, 20, 26] , traditional comprehensive back pain workups, without clear published guidelines, have great potential for inefficiency and waste. The potential for unnecessary or redundant studies increases because the majority of these children have MBP without an identifiable organic disorder [11] . Our study selection process (Fig. 1) revealed at least 11.5% (100 of 873) of patients may have been overimaged.
With the goals of reducing redundancy in imaging, we reviewed our experience with uncomplicated pediatric back pain during an 18-month period in patients who had radiographs, SPECT, and MRI performed as part of a comprehensive imaging workup for back pain. We limited our study group to patients with isolated back pain without a prior known etiology and excluded patients with neurologic or constitutional symptoms because these patients represent a different patient population than that addressed by our study hypotheses [11, [14] [15] [16] 30] . By requiring all three imaging studies (radiography, SPECT, MRI) to be negative for a diagnosis of MBP, and without an accepted gold standard, we also made it less likely that an organic diagnosis would be missed. For analysis, we divided our population into two clinically relevant groups; Group I patients typically do not require close followup or consideration of interventional therapy, whereas Group II patients typically do require specific followup and consideration of interventional therapies as treatment options.
With these patient selection characteristics, it is notable that we found a high prevalence of MBP (53%) among our population. Our data indicated history and physical findings alone had limited use in obtaining a diagnosis (data not shown) ( Table 1) . Pain with hyperextension, the most useful of all the examination findings, had a Sens of 0.83 in identifying an OBP diagnosis, a value of 0.71 in predicting MBP, and did not have a significant association with either group (p [ 0.05). Evaluation of imaging studies alone revealed overall, MRI is the most useful in making an organic diagnosis and predicting MBP ( Table 2) . Spondylolysis, our most common diagnosis in Group II, however, was detected by SPECT in 71 cases compared with only 57 with MRI and 38 with radiography.
Surprisingly, we found negative SPECT was 100% predictive of MBP for patients with less than 6 weeks of symptoms regardless of examination findings. After 6 weeks, the test was considerably less predictive of MBP. This finding may be partially explained by the ability of SPECT to detect high rates of bone turnover as would be seen in acute spondylolysis or spondylolisthesis, the two most common diagnoses in our series. The literature suggests in a chronic pars fracture or nonunion in which there is little to no bone turnover or healing processes occurring, SPECT is less capable of detecting any abnormality [10, 13, 21, 25] . However, we cannot know how this predictability would be affected (if at all) if the proportion of diagnoses other than pars disorders was much higher. Nonetheless, from these results, we can conclude that a SPECT scan is a good diagnostic option for early presentation of low back pain in children, especially if the physical examination is not reliable.
Our findings also show a negative combination of MRI, radiography, and absent hyperextension pain had a NPV of 1.0 regardless of symptom duration. A positive combination resulted in a Sens of 1.0. This finding corroborates those of other studies, which have offered MRI as a useful tool for early detection of spine disorders [5, 6, 31] . The dependence of the result on the hyperextension test may be a reflection of its use in helping to discern the presence or absence of a pars defect. Nonetheless, the predictive use of MRI in distinguishing between MBP and organic causes of back pain not routinely detected on SPECT (eg, degenerative disc disease, herniated nucleus pulposus, spinal tumor, and possibly infection) offer further support for its consideration as a firstline modality. Considerably increased costs compared with SPECT, however, must be considered.
The decision to pursue an imaging test or a particular guideline is multifactorial. One important factor in decisionmaking is cost-effectiveness. Multiple reports have highlighted the astronomical increases in Medicare spending for imaging services; spending for MRI and positron emission tomography scans have increased 25.8% and 12.6%, respectively, from the previous year for the last 2 years [7, 8, 29] . Increases in the volume and complexity of imaging services were twice as high as that for all other Medicare services between 1999 and 2002 [29] . Overall, Medicare spending on imaging services is approaching $100 billion per year [7] . Clearly, the benefits from improved technology and imaging services must be weighed against the economic cost to society and skyrocketing national healthcare bill.
Using the two most reliable studies only (NPV 1.0 and Sens 1.0) before 6 weeks' pain duration, SPECT, and more than 6 weeks, MRI, we could have reduced the number of SPECT scans (and exposure to unnecessary radiation) by 88% and MRI scans by 29% ( Fig. 3A) and not have missed a single diagnosis. At our institution in 2006, that would translate to a savings of $195,782 ($1511 for SPECT and $2166 for MRI) applied over 100 patients evaluated by both imaging modalities (or a 47% reduction in cost) (Fig. 3B) .
Considerable adverse events in the hospital setting and after discharge home have been associated with sedation and should not be taken lightly when ordering imaging studies. There are published reports showing intraprocedural and postprocedural complications of sedation in children [17, 18] . Sedation for SPECT was much less likely than for MRI at our institution during the same period as our study, and applying our 6-week bone scan criteria would have resulted in a 35% reduction in the actual number of sedations ( Fig. 3B) and an additional cost savings of $27,020 ($772 per sedation performed). Ultimately, the decision to order one test or another, or both, will depend on not only the clinical efficacy of the studies, but also the clinical/parental urgency; SPECT scans usually can be obtained up to five times faster at our institution; aversion to radiation (none for MRI) or sedation (less likely for SPECT); and other situational factors. A conscious decision to systematically use available data and evidence in the decision-making process will have implications for the health of a patient, family, and society at large.
Limitations notwithstanding, we offer the following conclusions and recommendations. In our study, the most cost-effective and useful first-line imaging modality for evaluation of low back pain in children (best able to differentiate between MBP and OBP and make a diagnosis) presenting with pain for less than 6 weeks is a SPECT scan. In children presenting after 6 weeks, MRI seems to be superior but dependent on the hyperextension test. Ultimately, the decision to pursue a particular study or an additional study should be contextual and include diagnostic accuracy, urgency, and potential side effects or complications. The inclusion of evidence involving cost-effectiveness and relative efficacy between diagnostic studies should improve the overall efficiency of making the correct diagnoses in the evaluation of low back pain in children. 
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Prereduction Postreduction Fig. 3A-B The graphs show the potential reduction of imaging, cost, and sedation (among 100 patients evaluated) that would have been achieved using SPECT during the first 6 weeks of symptom duration and MRI after 6 weeks of symptoms. Relative reduction in (A) imaging numbers and (B) costs and sedation numbers are shown. The blue bars represent the actual total in our study population and maroon bars represent the potential total had our study results been used as guidelines (SPECT scan for symptom duration within 6 weeks and MRI for longer duration).
